Introduction This report describes the case mix, outcome and activity for admissions to intensive care units (ICUs) of patients who require prior chronic renal dialysis for end-stage renal failure (ESRF), and investigates the effect of case mix factors on outcome.
Introduction
End-stage renal failure (ESRF) is a common, chronic disorder. Advances in dialysis services over recent years have resulted in patients living increasingly independent and healthier lives. Despite this, patients with ESRF are prone to repeated hospital admissions, some of which require admission to an intensive care unit (ICU). These admissions are predominantly related to the comorbidities associated with ESRF; of these, vascular access related infection and cardiovascular disease are the most common causes of admission to hospital [1] . APACHE = Acute Physiology and Chronic Health Evaluation; ARF = acute renal failure; CMP = Case Mix Programme; CPR = cardiopulmonary resuscitation; ESRF = end-stage renal failure; ICNARC = Intensive Care National Audit & Research Centre; ICU = intensive care unit; OR = odds ratio; ROC = receiver operating characteristic.
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A number of factors have led to a rapidly expanding ESRF population. Chief among these are issues such as increased life expectancy, resulting in the average age of the population rising, and the expanding population with predisposing chronic diseases such as diabetes mellitus [2, 3] . The UK Renal Registry estimates the current incidence and prevalence of dialysis-dependent ESRF to be around 100 and 700 per million of the UK population, respectively.
Although it is perceived that the need for critical care services in the ESRF population is high and it is expected that this need will continue to increase [4] , there is no adequate estimate of the actual critical care services needed. Moreover, there is no planning for critical care resource requirement to service the current ESRF population. Until recently, it was assumed that patients with ESRF admitted to critical care have considerably increased morbidity and mortality in comparison with the general ICU admission population. The recognized high ICU mortality of patients who develop acute renal failure (ARF) may in some cases be influencing the decision to admit to the ICU patients who require dialysis for ESRF. This assumption could lead to therapeutic nihilism limiting access to critical care for the ESRF population. Recently, studies including limited numbers of patients have examined this issue. Two [5, 6] suggested that in fact the mortality of the ESRF population in the critical care setting is only moderately raised above the non-ESRF patient group, and nothing like the increased mortality seen with ARF. A third report, however, suggests that patients with ESRF in the critical care setting do have significantly increased mortality [7] . These reports also raise concerns about the predictive value of general ICU severity scoring systems to predict outcome in patients with ESRF in the critical care setting [5, 6] .
The need for high-quality data on outcomes, and the factors that are predictive of them, in ESRF patients in the critical care setting is required to confirm or refute these previous findings. Availability of such data will help to inform service planning and guide clinical decision making in this patient population. In the present study a large, high-quality, clinical database was used to identify admissions to ICUs across England, Wales and Northern Ireland of patients with ESRF who were already receiving chronic dialysis. We report, for the first time, national, baseline information that will be useful for both local benchmarking and for dictating future policy. This report describes case mix and factors that are predictive of outcome in patients with ESRF admitted to the ICU, as a first step toward achieving the desired service goals. [8] .
Materials and methods

Case Mix Programme Database
Selection of cases
Admissions were identified by the recording of the need for chronic renal replacement therapy, as part of the chronic health conditions for Acute Physiology and Chronic Health Evaluation (APACHE) II scoring [9] . The need for chronic renal replacement therapy is defined as, 'admission currently requires chronic renal replacement therapy (either chronic haemodialysis, chronic haemofiltration, or chronic peritoneal dialysis) for irreversible renal disease', and must be documented before admission or on admission to the CMP unit.
Data
Data were extracted on case mix, outcome and activity, as defined below.
Case mix
Age at admission and sex were extracted. Admissions of patients who were mechanically ventilated during the first 24 hours in the ICU were identified by recording of mechanical ventilation on admission to the unit or by recording of a lowest or highest ventilated respiratory rate during the first 24 hours after admission. The following physiological variables, selected a priori, were extracted from records of the first 24 hours in the ICU: highest serum creatinine, lowest serum albumin and lowest haematocrit.
Acute severity was measured using the APACHE II Acute Physiology Score and the APACHE II score [9] . The former encompasses a weighting for acute physiology (defined by derangement from the normal range for 12 physiological variables during the first 24 hours in the ICU). The latter additionally encompasses a weighting for age and for past medical history of specified serious conditions. Surgical status was defined as either nonsurgical, elective surgery, or emergency surgery, based on the source of admission to the CMP unit and the National Confidential Enquiry into Perioperative Deaths (NCEPOD) classification of surgery, as was previously described [8] .
Organ system failures were assessed according to the method proposed by Knaus and coworkers [10] , based on physiological data from the first 24 hours in the ICU. The organ system failures assessed are cardiovascular failure, respiratory failure, renal failure, haematological failure and neurological failure. Note that all patients on chronic renal dialysis are excluded from the renal failure category, and so admissions in the study population had a possible range from zero to four organ system failures.
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Activity
Length of stay in ICU was calculated in fractions of days from the dates and times of admission and discharge from the CMP unit. Length of stay in hospital was calculated in days from the dates of original admission to and ultimate discharge from an acute hospital. Transfers in from another ICU were identified as admissions whose source of admission to the CMP unit was ICU in the same or other hospital. Readmissions to ICU within the same hospital stay were identified from the postcode, date of birth and sex, and confirmed by the participating units. Treatment withdrawal was defined as the documented decision to withdraw all active treatment, other than comfort measures. The destination following discharge from the CMP unit was also extracted for all admissions of patients who were discharged alive.
Analyses
Case mix, outcome and activity were described for all patients admitted who required chronic renal dialysis and for the remainder of the CMP Database, excluding admissions of patients for whom there was no evidence available to assess past medical history. The primary reason for admission to the CMP unit (coded using the ICNARC Coding Method [11] ) was tabulated for patients requiring chronic renal dialysis. Ultimate hospital mortality, by number of organ system failures, was compared for patients requiring and not requiring chronic renal dialysis.
The outcomes of patient admitted who required chronic renal dialysis, as compared with other patients, adjusted for case mix factors, were assessed with a multiple logistic regression model on ultimate hospital mortality. Case mix adjustment was performed including the following factors: age, sex, surgical status, APACHE II chronic health conditions (excluding chronic renal replacement therapy), cardiopulmonary resuscitation (CPR) during 24 hours before admission to the CMP unit, Glasgow Coma Score (lowest during the first 24 hours in the CMP unit or the pre-sedation value for patients who were sedated or paralyzed and sedated for the first 24 hours), number of organ system failures, sepsis (defined physiologically using data from the first 24 hours following admission to the CMP unit [12] ) and all of the physiological variables included in the APACHE II model plus serum albumin. Age, Glasgow Coma Score and number of organ system failures were modelled as having a linear effect on the log odds. All other variables were modelled categorically, using the categories from APACHE II or APACHE III [13] as appropriate for the physiological variables, but fitting new weights to each category. When a variable was present in both APACHE II and APACHE III, the categorization giving the greatest number of categories was selected. Categories from APACHE II were used to model temperature, mean arterial pressure, arterial pH, serum sodium, serum potassium, serum creatinine, haematocrit and white blood cell count. Categories from APACHE III were used to model heart rate, respiratory rate, oxygenation (either arterial to alveolar oxygen difference or arterial oxygen tension, depending on the fractional inspired oxygen level) and serum albumin. Patients whose records were lacking age, sex, surgical status, or any routinely measured physiological variables (temperature, blood pressure, heart rate, or respiratory rate) were excluded from the modelling. All other missing values were assumed to be normal and were placed in the category corresponding to zero APACHE II/III points.
The same multiple logistic regression approach was used to model the effects of the above parameters on ultimate hospital mortality within the group of patients requiring chronic renal dialysis. Because this involved a much smaller number of admissions, the APACHE II/III categories were first collapsed by combining adjacent categories such that each category contained at least 50 admissions. Results of this model were compared with the same model fitted in the group of patients not requiring chronic renal dialysis by introducing interaction terms.
All logistic regression models were assessed for discrimination by the area under the receiver operating characteristic (ROC) curve [14] , and for overall fit by Brier's score (mean square error between outcome and prediction) [15] and Shapiro's R statistic (geometric mean probability assigned to the event that occurred) [16] .
The usefulness of the newly-developed ESRF-specific model in discriminating between survivors and nonsurvivors among ESRF patients and non-ESRF patients was assessed using ROC curves. The utility of the model was also compared with the performance of the APACHE II score in these groups.
All analyses were performed using Stata 8.2 (StataCorp LP, College Station, TX, USA).
Results
Data
Of 276,731 patients admitted to 170 adult ICUs in the CMP Database, for 270,972 (97.9%) there was sufficient evidence to assess past medical history. Of these, 3,420 (1.3%) were identified as requiring chronic renal dialysis. Figure 1 shows projected ICU admissions for the chronic renal dialysis population and the total population for the years of the study. Case mix, outcome and activity Table 1 describes measures of case mix, outcome and activity for patients requiring chronic renal dialysis and admissions of all other patients for whom evidence was available to allow assessment of past medical history.
Patients requiring chronic renal dialysis were slightly younger than other patients (mean age 57.3 years versus 59.5 years) and were slightly more likely to be male (60.2% versus 57.9%). They were more likely to have received CPR during the 24 hours before admission to the CMP unit (13.6% versus 7.3%). They had greater creatinine (mean 6.5 mg/l versus 1.5 mg/l) and lower haematocrit (mean 26.9% versus 31.3%). Overall acute severity of illness was worse, as indicated by higher Acute Physiology Score (mean 17.2 versus 12.6) and APACHE II score (mean 24.7 versus 16.6). Overall, 67% of all patients requiring chronic renal dialysis were nonsurgical, as compared with 56% of other patients. The pattern of organ system failures was similar for both groups.
Crude mortality in the CMP unit was 26.3% for patients requiring chronic renal dialysis, as compared with 20.8% for other patients. At ultimate hospital discharge, mortality in these patients was 45.3% as compared with 31.2% in the reference group.
Patients requiring chronic renal dialysis had a similar length of stay in the CMP unit to that of other patients, but they had a longer stay in hospital (median 25 days versus 17 days for survivors; 15.5 days versus 8 days for nonsurvivors; Figure 2 ). Patients requiring chronic renal dialysis were more likely to be readmitted to the ICU during the same hospital stay (9.0% versus 4.7%), although the rate of direct transfers between ICUs was similar for the two groups of patients. There was no significant difference between the groups in the decision to withdraw treatment (9.8% versus 10.7% in non-ESRF and ESRF populations, respectively). The patterns of destination following discharge were broadly similar, although patients requiring chronic renal dialysis were slightly more likely to be transferred to high dependency care and were considerably more likely to be transferred to an 'other intermediate care area', which is the category containing renal units.
Of the 3,420 patients requiring chronic renal dialysis, 3,189 (93.2%) had a complete primary reason for admission specified, 230 (6.7%) had a partially coded reason for admission, and the remaining one admission (0.03%) had no reason for admission recorded. Of the 3,189 patients with a complete primary reason for admission, 275 (8.6%) had chronic renal failure recorded as the reason for admission ( Hospital mortality increased steeply with number of organ system failures (Table 3 ). It was higher in patients requiring chronic renal dialysis, particularly at low numbers of organ system failures.
Case mix adjusted effect of chronic renal dialysis on ultimate hospital mortality After adjusting for case mix factors of age, sex, surgical status, APACHE II physiology variables, serum albumin and the number of nonrenal organ system failures (see Materials and methods, above), the odds ratio for ultimate hospital mortality associated with chronic renal dialysis was 1.24 (95% confidence interval [CI] 1.13 to 1.37) as compared with a crude odds ratio before case mix adjustment of 1.82 (95% CI 1.69 to 1.96). The case mix adjusted model had an area under the ROC curve of 0.857 (95% CI 0.855 to 0.858), a Brier's score (B) of 0.138 and a Shapiro's R of 0.653 when assessed for all admissions. Table 4 presents the results of the multiple logistic regression analysis of case mix factors on ultimate hospital mortality in the group of chronic renal dialysis patients. The following factors were associated with increased odds of hospital mortality: older age, emergency surgery and nonsurgical cases (as compared with elective surgery), presence of other chronic health conditions, CPR during the 24 hours before admission to the CMP unit, hospital stays of longer than one week before Projected total admissions to ICU and number requiring chronic renal dialysis Projected total admissions to ICU and number requiring chronic renal dialysis. The figures relate to England, Wales and Northern Ireland. ESRF, end-stage renal failure (requiring chronic renal dialysis); ICU, intensive care unit. admission to the CMP unit, lower mean arterial pressure, high heart rate, high respiratory rate, extreme oxygenation values (high alveolar to arterial oxygen difference or low arterial oxygen tension), low arterial pH, low serum sodium, low serum albumin, extreme (high or low) white blood count, low Glasgow Coma Score, increasing number of organ system failures, and sepsis during the first 24 hours in the CMP unit. Among patients requiring chronic renal dialysis, this model had discrimination and fit statistics as follows: area under the ROC curve 0.817 (95% CI 0.802 to 0.832), B = 0.173 and R = 0.595.
Relationship of case mix factors with ultimate hospital mortality
When compared with the same model fitted in patients not requiring chronic renal dialysis, a number of factors exhibited a significantly different relationship with hospital mortality. Factors with a weaker association with hospital mortality in the ESRF population were age, surgical status, oxygenation, potassium and haematocrit. Adjusting for all other factors, a high mean arterial pressure (≥ 130 mmHg) appeared to exhibit a protective effect in the ESRF population, whereas in the non-ESRF population it was harmful (odds ratio 0.62 versus 1.24). 
Discussion
The aim of this study was to describe the case mix and outcome of adult admissions to ICU of patients with ESRF in the UK. To our knowledge four previous studies have reported on outcomes of patients with ESRF in the ICU, three of which were single centre and all of which included relatively small populations [5] [6] [7] 18] . These highlighted the need for a large multicentre study to describe conclusively the admission of patients with ESRF to ICUs and their outcomes. Over the examined eight-year period, 1.2% (n = 3,420) of all patients admitted to the ICU (n = 276,731) had ESRF and were receiving dialysis (either chronic peritoneal or haemodialysis). This figure is considerably lower than the 3.7% observed in the USA [6] and 8.6% in a single centre study conducted in a French ICU [18] . This discrepancy is not surprising, given the limitations of single centre studies and the considerable differences in the utilization of both renal replacement therapy and ICU resources between different European and North American countries.
During the study period there was considerable expansion in the total number of admissions, but this was not matched by an expansion in the number of dialysis patients being admitted to ICU. This is particularly surprising because the total UK dialysis population increased by about 50% over the same time period and merits further investigation. Based on 2003 data, these figures give an annual ICU utilization of 1,172 admissions, or six admissions per 100 patients in the dialysis population. This compares to an overall ICU utilization of two admissions per 1,000 of the general population of England, Wales and Northern Ireland. It must be stressed that this utilization represents the current usage but not the need for ICU care among patients with ESRF, which is almost certainly greater and will rise as the population grows.
As seen in the study conducted by Dara and coworkers [5] , admission to ICU of patients with ESRF is more common in men than women, which is consistent with the male predominance in the dialysis population. We found the ESRF population to be significantly younger than the non-ESRF population (mean age 57.3 years versus 59.5 years), which is in contrast to the work of Clermont and coworkers [6] , who did not find a significant difference in age between ESRF and non-ESRF patients. This finding raises the possibility that there could be a denial of access to the ICU for the dialysis population on the basis of age. The greater serum creatinine and lower haematocrit observed in the dialysis population was not unexpected, possibly reflecting acute complications directly attributable to the underlying disease such as pulmonary oedema or hyperkalaemia.
In the present series, patients with ESRF were found to have greater severity of illness than the non-ESRF population on admission to the ICU, as defined by both the Acute Physiology Score (17.2 versus 12.6) and APACHE II score (24.7 versus 16.6); this is consistent with the findings of earlier studies [6, 7, 18] . This implies that ESRF patients are not being denied entry to ICU on the basis of severity of illness; rather, it raises the issue of whether late referral or acceptance of dialysis patients to ICU is influencing the findings. Some of this difference in severity of illness at admission between ESRF and non-ESRF patients could be explained by our findings that there was a significant difference in the disease aetiology between the two groups. There were significantly more nonsurgical admissions in the ESRF population (66.7% versus 56.2%), and a greater proportion of this group was admit- ted following CPR. It is not possible from our analysis to determine whether the ESRF group who required pre-admission CPR suffered a primary cardiac arrhythmia, the incidence of which is known to be increased in this patient population. The admission cause was coded as chronic renal failure in a small percentage of the ESRF cohort. This probably reflects a direct acute complication of renal failure such as volume overload or electrolyte disturbance.
Somewhat surprisingly, we found that the length of ICU stay was equivalent between the two groups of patients, despite the ESRF patients being sicker and having greater comorbidity. Many UK renal units have considerable experience in the care of critically ill patients with renal disease, thus allowing earlier ICU discharge. This finding is consistent with the findings of Clermont and coworkers [6] . However, the ESRF population had a significantly longer hospital stay following discharge from ICU (25 days versus 17 days in the non-ESRF group for hospital survivors). There was also a marked difference in readmission rates between the two groups (9.0% in ESRF patients versus 4.7% in non-ESRF patients). These figures could provide a basis for estimating the minimum service required to provide ICU services for the ESRF population and the costs of this service.
The large numbers included in the present study enabled us to achieve statistically significant confirmation of the suggestions made by Clermont [6] and Dara [5] and their coworkers, namely that the increased mortality observed in the ESRF population in the ICU setting is significantly lower than the increased mortality seen with ARF in the ICU setting. We found that the mortality at discharge from the ICU was 5.5% higher in the ESRF population (26.3% versus 20.8% in the non-ESRF population). This increased ICU mortality probably reflects the increased severity of illness seen in this population. However, the mortality rate was considerably lower than that seen in a contemporaneous population of patients for whom ARF was recorded as the primary cause of ICU admission in an analysis of the same database (43.3%) [19] . Although increased mortality is seen in the ESRF population admitted to ICU, the mortality rate is considerably lower than that seen in the ARF population.
The ultimate hospital mortality in the ESRF population was 45.3% (95% CI 43.5% to 47.0%), as compared with 31.2% (95% CI 31.0% to 31.4%) in the non-ESRF population. Although this represents a significantly increased mortality in the ESRF group, it once again is much lower than the ultimate hospital mortality seen in the population of patients with ARF as their primary reason for ICU admission in the same dataset (58.6%) [19] . This difference is even more marked when one examines subgroups of the ARF population, such as those patients presenting with oliguric ARF to the ICU, who have an ultimate hospital mortality of 70.3% [19] . When examining outcomes for number of organ system failures, we found the ESRF population to have a higher mortality with a lower number of nonrenal organ failures.
We demonstrated significant differences in outcome between the two groups in terms of increased hospital stay following discharge from the ICU, increased rate of readmission to ICU and increased ultimate hospital mortality. It is likely that there are multiple reasons for these differences in outcome between the two groups. These include issues such as lack of physiological reserve in the dialysis population, and the well described increased rates of hospital-acquired infections in Comparison between APACHE II and the ESRF-specific model in discriminating between survivors and nonsurvivors Comparison between APACHE II and the ESRF-specific model in discriminating between survivors and nonsurvivors. Shown are receiver operating characteristic curves for APACHE II and the ESRF-specific model from Table 4 for patients admitted to intensive care units requiring and not requiring chronic renal dialysis. APACHE, Acute Physiology and Chronic Health Evaluation; ESRF, end stage renal failure (requiring chronic renal dialysis).
the ESRF population, including a high rate of staphylococcal bacteraemia and Clostridium difficile infection [20] [21] [22] . There is also the ongoing need for vascular and peritoneal access, with their corresponding complications; all of these probably contribute to these differences in outcome. Drawing from these significant differences in outcome, it may be that current management of the ESRF population following ICU discharge is suboptimal in England, Wales and Northern Ireland. There may be a greater need for closer post-ICU monitoring and increased focus on intermediate care, including rehabilitation. This requires further investigation but it does raise the possibility that, with adequate resource planning and delivery, it may well be possible to reduce some of these differences.
Analysis of factors that affect outcome in the ESRF group revealed no real surprises. Significant factors were older age; surgical status; physiological extremes such as hypotension, bradycardia, tachypnoea and hypoxia; biochemical derangement with hyponatraemia, sepsis and leucopenia; and the number of additional nonrenal organ system failures. A number of the factors examined exhibited either a stronger or weaker relationship to outcome in the ESRF population than in the non-ESRF population.
Analysis of ROC curves demonstrated that the APACHE II score's discrimination of patient outcome in the ESRF population was worse than that among patients admitted to ICU who did not require dialysis. This is consistent with previous work in patients with ARF admitted to the ICU. Lins and coworkers [23] demonstrated that the APACHE II score is a less sensitive predictor of outcome in the ARF setting than are renalspecific scoring systems such as the Stuivenberg Hospital Acute Renal Failure system [23] . This should be considered in any clinical decision-making process in patients with ESRF being considered for admission to the ICU.
Conclusion
Patients with dialysis-dependent ESRF who are admitted to UK ICUs are more likely to be younger and male, with a medical cause of admission, and to have greater severity of illness than the non-ESRF population. Despite this, ICU stay was similar and ICU mortality for patients with ESRF was only marginally increased. Nevertheless, patients with ESRF had increased ICU readmission rates, prolonged hospital stay and greater post-ICU mortality as compared with the general ICU population. Patient outcomes were considerably better than those reported for patients with ARF admitted to the ICU. This report may facilitate planning of adequate ICU resources for this population. It may also inform the clinical decision process surrounding ICU admission for patients receiving chronic dialysis therapy.
Key messages
• ICU utilization by dialysis patients in the UK is approximately six admissions (32 bed-days) per 100 patients per year.
• Patients with ESRF admitted to ICU are more likely to be younger and male, with a medical cause for admission, and to have a greater severity of illness than are non-ESRF patients.
• Patients with ESRF have increased ICU readmission rates, prolonged hospital stay and increased post-ICU mortality (adjusted odds ratio 1.24 as compared with non-ESRF patients); however, mortality is considerably lower than for those patients with ARF who require ICU admission.
• The APACHE II score has lower sensitivity in discriminating between survivors and non-survivors in the ESRF population than in the non-ESRF population.
• These data allow, for the first time, estimation of minimum utilization of ICU services by the ESRF population in the UK and should facilitate service planning.
